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Introduction
In the last few decades, capsaicin has exerted potent 
anti-cancer properties by enouncing anti-proliferative, 
apoptotic and anti-metastatic activity. To the best of our 
knowledge, the specific cell targets and successive mech-
anism of cytotoxic activity of capsaicin in different type 
of malignant cells, still remains unclear and contradictory. 
Therefore, this mini review, explains some of the most sig-
nificant chemopreventive mechanisms of the action of cap-
saicin at a cellular level, reported in the recent literature.    
The specific cytotoxic activity of capsaicin is usually 
a result of targeting of capsaicin toward two aims: TRPV1 
(transient receptor potential cation channel subfamily V 
member 1) and tumor associated NADPH-oxidase. Some 
researchers reported that capsaicin provokes its anticancer 
activity through the interaction with TRPV1 receptor (Kim 
et al., 2006). Amantini et al., (2007) reported that capsaicin 
elicits apoptosis in U373 glioma cells, because the TRPV1 
receptor was highly expressed and oppositely the cytotox-
ic effect in U87 cell line in which the TRPV1 receptor was 
very low expressed, capsaicin did not show cytotoxic ef-
fects (Amantini et al., 2007). Hu et al., (2008) have shown 
that TRPV1 receptor is included in capsaicin induced Ca2+ 
influx, generation of reactive oxygen species (ROS), depo-
larization of the mitochondrial membrane, and ultimately 
cell death on the synovial fibroblasts in rats. On the other 
side, capsaicin is one of the molecules which could inhib-
it the activity of tumor associated NADPH-oxidase, which 
is related to the inhibition of proliferation of cancer cells 
(Hedges et al., 2003).  
The ability of capsaicin to inhibit the growth of differ-
ent cancer cells is primary mediated by its ability to induce 
apoptosis. Apoptosis represents a type of programmed cell 
death, which is one of the physiological mechanisms for 
maintaining the homeostasis in the organism. It has been 
reported that two different pathways are mainly mediating 
the process of activation of apoptosis. First one is extrinsic 
pathway which is accomplished by activating of the “death 
receptor”, and the other is intrinsic pathway which is fol-
lowed by activation of cascade of caspase enzymes (Chou 
et al., 2007).      
Extrinsic pathway
The extrinsic mechanism of apoptosis is characterized 
by activation of the external cell surface receptors, name-
ly TRAIL (Tumor necrosis factor (TNF)-related apoptosis-
inducing ligand) and DR (death receptor, Fas/CD95), lead-
ing to downstream caspase-mediated apoptosis (Codesido 
et al., 2014). These receptors can be activated by a signal 
that activates the enzymes procaspase 8 and 3, and there-
fore consequently triggers the apoptosis of cells. The num-
ber of studies, which included the extrinsic pathway into 
the mechanism of capsaicin mediated apoptosis, is much 
lower than numbers of reported studies which indicated the 
intrinsic pathway as the main mechanism of apoptosis. 
Moon et al., 2012 notified that capsaicin induced the 
surface expression of TRAIL-receptor D5 through the acti-
vation of SP1 due to a calcium influx-dependent SP1 (spe-
cific protein 1) in kidney cancer cells. In multiple malig-
nant glioma cells, subtoxic concentrations of capsaicin 
sensitized TRAIL-induced apoptosis mediated through ER 
Stress proteins CHOP/GADD153. DR5 and surviving con-
tribute to amplification of the caspase cascade, thus restor-
ing TRAIL sensitivity (Kim et al., 2010). 
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Intrinsic pathway
 The mechanism of intrinsic pathway of apoptosis 
is distinguished by intracellular activation of apoptosis 
through intracellular stressors, in which the most common 
are reactive oxygen species (ROS) and excess intracellu-
lar calcium. Disruption of the mitochondrial membrane 
and alterations in bcl-2, Bax, bcl-xL, and bad proteins, can 
cause a release of cytochrome C in cell cytosol and subse-
quent activation of the caspase cascade. These processes 
are the initial triggers that are eventually leading to apop-
tosis (Zhang et al., 2008). Cytochrom C together with some 
other factors can induce activation of caspase-9. Activated 
capsasa-9 can lead to activation of caspasa 3 and 7, which 
cleaves the inhibitor of caspasa activated DNAase and re-
sults in DNA fragmentation. Many studies examining the 
cytotoxic effects of capsaicin on prostate and other malig-
nant cell lines, have reported that capsaicin induced apop-
tosis is linked to intrinsic mechanisms.
Pramanik et al., (2011) have evaluated the mechanism 
of capsaicin-mediated ROS generation in pancreatic can-
cer cells and they suggested that mitochondrial complex-
I and III are involved in capsaicin mediated ROS gener-
ation. They demonstrated that capsaicin inhibited the en-
zymatic activity of antioxidant enzymes superoxide dis-
mutase (SOD), catalase and glutathione reductase, which 
resulted in oxidative stress. 
According to Kryston et al., (2011), the agonistic ef-
fect of capsaicin on TRPV1, can evoke intracellular in-
flux of calcium, which leads to further intracellular stress, 
activating apoptosis in various cell lines, namely prostate 
cancer. They found that the generation of ROS induced by 
capsaicin correlated with the dissipation of the inner mito-
chondrial transmembrane potential and the release of cy-
tochrome-c into the cytosol. Activation of the caspase-3 
cascade resulted in the cleavage of poly(ADP-ribose)poly-
merase (PARP) and resultant apoptosis. 
Conclusion 
A large number of investigators clearly demonstrated 
that capsaicin inhibits the growth of cancer cells by induc-
ing apoptosis and cell cycle arrest, but its molecular mech-
anisms in some types of cancers are not well understood. 
Therefore, additional studies are required to elucidate and 
to supplement the missing part of this data.
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